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Team: 

Project Manager: Susan Motil/GRC 
Deputy Project Manager: Mark Hyatt/GRC 
Principal Investigator: Michael Meyer/GRC 

Chief Engineer: William Taylor/GRC 



NRC: Technology is close to a lipping point." and NASA should 
perform on-orbit flight testing and flight demonstrations to 
establish technology readiness. 


Infusion Targets: Cryogenic Propulsion Stage. Depots 
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SEM photograph of LAD screen 


low gravity, fluid transfer is driven 
surface tension forces. Liquid 
Devices (LADs) are required in these systems 
to assure single phase fluid transfer LADs 
designed for cryogenic propellants will enable 
use of these non-toxic “green propellants in 
next generation vehicles. 
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Methodology 

i pursued a bottoms-up approach to cryogenic 
elopment. These LADs are fine mesh screens 
* by taking advantage of surface tension forces. 
LADs are charactenzed by their "bubble point - the 
differential pressure that allows a vapor bubble to pass 
through the screen NASA has systematically conducted 
research to increase the TRL tor LADs. Specific 
milestones completed to date include: 

• Characterizing LAD bubble points in Isopropyl alcohol 

• Bubble point testing with cryogenic fluids - 

• Liquid Nitrogen (LN 2 ) 

• Liquid Oxygen (LOX) 

• Liquid Hydrogen (LH 2 ) 

• Liquid Wketbaoe <LCH«) ^ 

• Charactering h*gh fk** r ate LOX through LAD chan~»ets 

• nMesJioatnc the operator of LADs m h*gr zress^re LOX 
^cssit^ 1 jure activities reuse testing LADs r high 
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Store cryogenic propellants in a 

manner that maximizes ,S; 3 

availability for use regardless of 
mission duration 









^S4, 


'9 ,es for infusion 


Efficiently transfer conditioned cryogenic 
propellant to an engine or tank situated 
n a microgravity environment 


TVS components 
(installed in test tank) 


Turbo Brayton 

cryocooler 


LH2 /L 02 Storage 


Active thermal control: 
Broad Area Cooling 
(tubes on tank or tubes 
on shield) 

Active thermal control: 
cryo-coolers (9 OK) 

Passive storage: thick 
ML I and reduced 
pe netration hea Meak_^ 

Passive storage: low 

conductivity structural 
attachments __ _ 
Tank Pressure Control: 

thermodynamic vent 

custem (TV S) - 

Tank Pressure Control: 

mixing pumps_ 



Accurately monitor and gauge 
cryogenic propellants situated 
m a microgravity environment 


LH2/L02 TransU 
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1 Transfer Valves 
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Transfer Pump 
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Line and Tank Chill- 
down 
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Screen Channel 
Capillary LAD 
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The CBRS design uses the pictured 
broad area cooling shield ^eat 
heat radiating rto' f" t k nr ou?l> 
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K5tE|-« intercept* in 
this design. 
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A flight-like radiator design was developed 
for the CBRS design (below) The system 
packaging In the test chamber also used a 
fhght-take approach (left). 
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The image above shows (he 
heritage cryocooler hardware, 
which provides t5 W of cooling 
power at 90 K The cryocooler 
is integrated into me chamber 
above the tank and txkw the 
chamber cryoshroud (right) 

The tar* has a volume of 

14 m’ 
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Propellant Quantity Gauging U: 


iadio Waves 


Gregory A. Zimmerli 

NASA GRC, Propulsion and Propellants Branch 
Marius Asipauskas 

National Center for Space Exploration Research 


Abstract 

By measunng the natural electromagnetic mode frequencies of a tank and 
comparing the results to simulations, we show that it is possible to accurately 
gauge the quantity of liquid m the tank. Computer simulations are used to predict 
the tank mode frequencies as a function ol fluid quantity and position m the tank 
The measured eigentrequenaes are compared to a database ol simulations. 
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